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Humankind has long looked to nature for inspiration and for ways to improve engineering designs, in applications such as materials and transportation (e.g. the earliest designs for human flight by Da Vinci were based on emulation of birds). There is rapidly increasing interest in bio-inspired energy harvesting and robotics areas such as locomotion, swarming and schooling behavior, and vision. Since the 1990s, the literature in bio-inspiration has doubled every two to three years, and is only increasing.
This issue focuses on a primary locomotion strategy for animals moving through a fluid (e.g. air or water) using the body and/or appendages (e.g. fins and wings) to make waving, heaving and pitching motions which generate lift for flight and thrust for forward motion. Common physics include unsteady flow behavior with moving structures, which may also deform arbitrarily in response to the aero/ hydrodynamic forces generated. Flapping is attractive from an engineering design perspective because these physical features result in the generation of much higher instantaneous forces than those achieved by conventional static structures, leading to application in micro-drones and the larger field of vortex-induced vibration for energy generation.
These same features make analysis difficult, and so the underlying flow physics is often uncovered by using simple flapping foil models developed from observations and measurements of animal locomotion, and then applied to propulsion, flying and energy harvesting. In addition, such bio-inspired foils can be used to test and validate new measurement methods, numerical algorithms and flow control strategies. Due to their versatility and utility, great effort has been put in developing numerical methods that simulate the two-way fluid-structure interaction involved, but despite many achievements it is still a challenge to accurately, efficiently and robustly calculate or measure flow details involved in bio-inspired flapping foils. In addition, there continues to be much concerted development towards grasping the complicated flow physics, developing novel flow control strategies and promoting engineering applications.
The papers here consider locomotion and maneuvering in fish swimming (Song et al. and Xin and Wu) , flapping foils as a control device (Ma and Schro¨der), and flexible plates in a flow as a canonical problem (Xu et al.) , illustrating the links between experimental observation of nature and methods used in analysis and design, and providing a useful snapshot of issues under active research. These include comparison of fluid solver numerical techniques with different approaches (body-fitted vs. Cartesian meshes) to accommodating the structural motion (Xu et al.) ; use of simplifying techniques such as proper orthogonal decomposition of observed motions and deformations (Jia and Chen); and the effects of different control strategies on bio-inspired vehicle performance (Xin and Wu).
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